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By WarrenH. NelsonandJosephL.Frank

SUMMARY

An investigationwasconductedto determinetheeffectofwingpro-
fileonthetransonicaerodynamiccharacteristicsofrectangularand
triangularwingshavingaspectratiosof3. Thecharacteristicsof five
w5ngs,threerectqar andtwotrixar, werecompared.Therectan-.
gularwingsutilizedk-percent-thick,circular-arc,NACA2-004,and
NACA63Ao04profiles,andthetriangularwingsutilizedNACA2.004and

.a NACA63Ao04profiles.TheMachnumberrangeof thetests,in general,
was0.6to 1.10,correspondingto a Reynoldsnumberrangeof1.7 million
to 2.8 mil~on.

Forboththetriangularandrectangularwings,thesevariationsin
profilehadnomajoreffectonthetransoniccharacteristics,however,
inthecaseofthetriangularwings,thewinghavingtheNACA2-004pro-
filehada lowerdrag-riseparameterbelow0.9Machnumber.

INTRODUCTION

A programof systematicresearchhasbeeninprogressintheAmes
16-foothigh-speedwindtunnelto determinetheaerodynamiccharacter-
isticsof variouswingsthroughthetransonicspeedrangeutilizingthe
bumptechnique.Theover-allprogramto datehasincludedinvestigations
todeterminetheeffectsofaspectratio,thicknessratio,camber,plan-
formtaperratio,andspanwisevariationsin thiclmessratioof rectangu-
larwings.Inaddition,theeff&ctsofaspectratio,thicknessratio,
andwing-tipclippinghavebeeninvestigatedfortriangularwings.The

* resultsofaKltheseinvestigatiqsarepresentedin references1 through..

—

8. ‘
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Thepurposeofthisreportistopresentthatpartofthegeneral
—

programconcerningtheeffectsofwingprofileon”theaerodynamiccharac-
teristicsofrectangularandtriangularwingshavingaspectratiosof 3. .-
Thethreesectiom.usedin thisinvestigationwereselectedtoprovide
largevariationsinprofile;theyweretheNACA2-004sectionwithits
relativelybluntleadingedge,theNACA63A(X)4section,whichhasbeen
usedthroughoutthegeneralresearchprogra?ijandtheL-percent-thick,
circular-arcsectionwitha sharpleadingedge.

NOTATION
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dragcoefficient,twicesem@an drag
qs —

minimumdragcoefficient

friction-dragcoefficient,assumed.equaltotheminimumdrag
coefficientata Machnumberof 0.7

minimumpressure-dragcoefficient,-assumedequalto ho - @f
—

liftcoefficient,twicesemispanlift
A-.—

qs ..
—.,,—

pitching-momentcoefficient,referredto 0.25E, d

twicesemispanpitchingmoment —
qsE .-—

meanMachnumberinregionofwing

localMachnumber

totalwingarea,twiceareaof semispanmodel,sqft

totalcross-sectionalarea,twicecross-sectionalareaof
semispanmodel,sqft .

velocity,ft/sec .-.

twicespanof semispanmodel,ft ‘-
localwingchord,ft

p2c2dy .- .,
0 , R .-meanae.odyn~cchord)~ob/2cdy

dynamicpressureinregionof-.wing&&V2,lb/sqft n
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x chordwisedistancefromleadingedge,ft

.
Y spanwisedistancefromplaneof symmetry,ft

a angleofattack,deg

P airdensityinregionofwing,slugs/cuft

APPARATUSANDMODELS

ThetestswereconductedintheAmes~6-foothigh-speedwindtunnel
utilizinga transonicbump. A descriptionofthetransonigbwnpisgiven
inreference9. Theforcesandmomentsweremeasuredby meansof a
strain-gagebalancemountedwithinthebump.

A photographof oneof themodelsis shownin figure1, andsketches
oftypicalmcdel.sareshownin figure2. Threewings,onetriangularand
tworectangular,havingaspectratiosof 3,wereconstructedof steel.
Therectangularwingsutilizedcircular-arcandNACA2-004profiles,and

. thetriangularwinghadan NACA2-O& profile.Sketchesofthethree
profilesusedareshowriin figure3 andthecoordinatesaregivenin
tableI. TheordinatesfortheNACA63Ao04andNACA2-004profileswere

4 proportionatelyreducedfromordinatesfor6-percent-thickprofiles.The
tipsoftherectangularwingsweresemibcdiesofrevolutiondevelopedby
rotatingme tipsections.

A fence,attachedto thesupportat thewingroot3/16inchfrom
thebumpsurface,wasusedtopreventtheflowthroughthegap,between
thewingandthebumpsurface,fromaffectingtheflowoverthewing.

TESTSAND PROCEDURJ3

Lift,drag,andpitching-momentdatawereobtainedforthewings
overa Machnumberrangeof0.6 to 1.10.ForthisMachnumberrangethe
Reynoldsnumber,underthetestconditions,variedfrom1.7millionto
2.1millionfortherectangularwings,andfrom2.2millionto 2.8million‘
forthetriangularwings.In general,theangleof attackwasvariedfrom
-2°to thesz@e forstall.or totheanglewheretherootbendingstress
becamecritical.

A Machnumbergradientexistedin theflowoverthebumpwherethe
. wingsweremounted.TypicalcontoursofthelocalMachnumberoverthe

bumpintheabsenceofthewingsareshownin figure4. Outlinesof the
rectangularandtriangularwingshavebeensuperimposedonthecontours

s to indicatetheMachnumbergradientswhichexistedoverthewingsduring
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theteats.Noattempthasbeenmadeto evaluatetheeffectsofthese
w
=

gradients.ThetestMachnumberspresentedarethemeanvaluesover
thewings. ●

Thedatahavebeenreducedto standardTWA coefficients.A tare .-

correction.tothedragwasmadetoaccountforthedragofthefenceand
support.Thisdragtarewasevaluatedby cuttingthewingoffflushwith
thefenceandmeasuringtheforcesonthefenceandsupport.Themut~l
interferenceeffectsbetweenthefenceandthewingsandtheeffectsof
leakagearoundthefenceareunknown. –

RESULTSANDDISCUSSION

Summarycurvesofthelift,drag,andpitching-momentdataforthe
wingsarepresentedinfigures7 through8. Chordwisedistribution.of
cross-sectionalareasandminimum-pressuredragsforthewings(asdefined
underNOTATION)areshowninfigure9. Thelift,drag,andpitching-:
momentdataforthewingsofthepresenttestsarepresentedinfigures
10 through12. Thelift,drag,andpitching:-momentdatafortherectan-
gularwinghatingtheNACA63Ao04section,whichwereobtainedforthe
investigationreportedinreference2,areshowninfigure13. ll?heslopes
dCL/tianddCm/dCL‘giveninthesumnaryfiguresweredeterminedthrough
zerolift,exceptthosefortherectangularwinghavinga circular-arc
profile.Forthiswing,theslopesweretakenat a liftcoefficientof
0.1,sincethesuddenchangeinslopethroughzeroliftat subsonic
speedswasnotconsideredtypicaloftheslo>eat slightlyhigheror
lowerliftcoefficients.

-

.

—
—
—

● �

—

——

Thediscussionisdividedintothreeparts,thefirstdealingwith
therectangularwings,theseconddealingwiththetriangularwings,and
thethird.dealingWithtransonic-area-ruleconsiderations.

RectangularWings”” —

Theminimumdragcoefficientsfortherectangularwingsareshown
in figure~. ThewinghavingtheNACA63AO04profilehadthelowest
minimumdragthroughouttheMachnumberrange.Theminimumdragcoeffi-
cientforthewinghavingtheNACA2-oo4profileincreasedastheMach
numberwasincreasedfrom0.6to 0.8,as opposedto essentiallyno thane
fortheotherwings.A dragincreasesimilarto thatfortheNACA2-OJ
winghasbeenobservedathigherReynoldsnu%iiers“ona 45°sweptwing
havinganNACA2-006profile(ref.10). An explanationofthedragrise
probablyliesina flowphenomenonoftheboundarylayerratherthanan ->
effectof compressibility,sincethecriticalMachnumberforthissection .
isapproximately0.79. .

T

--cuNFmmmmlh
-%+. —--m-’—5%.—

“---%Dk
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TheminimumTressure-dragcoefficientsas functionsofMachnumber
areshowninfigure~. Theminimumpressure-dragcoefficientwascalcu-
latedby subtractingfromthetotalminimumdragcoefficienta friction-
dragcoefficient,whichwasassumedequalto theminimumdragcoefficient
at 0.7Machnumber.Theminimumpressure-dragcoefficientsfortheNACA
63Ao04andcircular-arcwingswereapproximatelythessme,andtheywere
lessthanthosefortheNACA2-oo4wingthroughouttheMachnumberrange.
Thepeakpressuredrag~ortheNACA2-oo4wingwasabout35percent
greaterthanthatfortheNACA63.Ao04wing.

Thedrag-riseparameter(d~/dCL2)forthewings,determinedovera
liftcoefficientrangeof O to 0.3,is shownin figure5. TheNACA2-004
winghadthelowestdrag-risefactorup to 0.8Machnumber,andthe
circular-arcwinghadthehighest.Thesedifferencesat lowspeedare
attributedto thedifferencesinleading-edgesuctionwhich,inturn,are
a functionofleading-edgeradius.Thedifferenceinleading-edgeradii

-.

becomesmoreapparentwhenit isrealizedthattheleading-edgeradiusof
anNACA2-oo4profileisthreetimesas largeas thatforanNACA63Ao04
profileandisequivalentto thatforan NACA63Ao07profile.Thedrag-
riseparameterfortheNACA2-004wingincreasedrapidlyabove0.75Mach
number,sothatat.0.825Machnumberitwasaboutthesameas forthe
otherwings.Thesuddenincreaseisprobablytheresultofadversecom-
pressibilityeffe&tson theflowintheregionoftherelativelythick
leadingedge.Above0.825Machnumber,thedifferencein drag-rise
parameterforthewingswassmall.Thismaximumdifferenceintermsof
dragcoefficientamountedto 0.0010at a liftcoefficientof 0.2.

Thelift-curveslopesfortherectangularwingsareshownin figure6.
TheslopesfortheNACA2-004andNACA63Ao04tingswereessentially
identicalthroughouttheMachnumberrange.Thelift-curveslopesforthe
circular-arcwingabove0.80Machnumbw werelowerthanthoseofthe
otherwings.Thisisprobablya resultof s.?parationoccurringoverthe
afterportionofthewingat lowanglesofattack.Suchseparationona
10-perc~t-thickcircular-arcsectionwasdiscussedinreference1.1.

Whenthemaximumliftcoefficientsofthewingsarecomparedat the
Machnumberswheremaximumliftwasattained,as shownin figures10(a),
11,and13(a),it isapparenttheywereapproximatelythesane.Thisis
in contrastto thedataof reference12jwheretestsat lowspeedofa
winghavingan infiniteaspectratioandan NACA2-@ profileindicated
a gaininmaximumliftcoefficientof 0.5overthewingwith6-series
sections.However,theReynoldsnumbersofthepresenttestswerelow,
possiblypreventinga faircomparisonofthemaximum-liftdata.

Thepitching-moment-curveslopesforthewingsareshownin figure6.
Theover-allchangeinpitching-moment-curveslopein goingfromsubsonic
to supersonicspeedswasgreatestfortheNACA63.Ao04andNAcA2-oo4wings,
amountingto aboutthreetimesthatofthecircular-arcwing. Thislarge



6 I?ACARMA34H12a

.

changeinpitching-moment-curveslopebecomesimportantinperformance
comparisonswhentheincrease,i~dragdueto.trimis considered.

—
..

TriangularWings —.

Theminimumdragcoefficientsforthetwotriangularwingsare
.-

showninfigure7. Again,aswasthecasefortherectangularwing,the
minimumdragcoefficientforthewinghaving.theN&X 2-oo4profile
increasedat subcriticalMachnumbers.

-_w
However,thedifferencesinthe ; -:

minimumdragsweresmallthroughouttheMachiunberrange,themaximum
differencebeingap~roximately0.0015abovea Machnumberof 0.80.

.,

Theminimumpressure-dragcoefficientsforthetriangularwingsare
showninfigure7. Thefriction-dragcoefficientusedin calculating .-
theminimumpressure-dragcoefficientwasassumedto.beequalto themin-
imumdragcoefficientat 0.70Machnumber,andwasthessmeforbothwings. ~ _
On thisbasis,theNACA2-oo4winghada slightlyhigherpressuredrag
above0.70Machnumber.However,ifthefriction-dragcoefficienthad

—.

beer.takenas theminimumdragcoefficientat someMachnumberonly
slightlybelowthedrag-divergenceMachnumber,thepressuredragswould
havebeenessentiallythesaneforthewings.”

..—

Thedrag-riseparametersfor“thewings=-eshowiiinf~gure7. The ““
NACA2-oo4winghad.thelowestdrag-riseparameterthroughouttheMach
numberrange.However,inthetransonicspeedrangethere--waslittle
differencebetweenthewings.Themaximumdifferenceattransonicspeeds
intermsofdragcoefficientamountedtoonly0.0010ata liftcoefficient
of0.2. Thelargedifferenceindrag-riseparameterbelow0.8Machnumber
isprobablya resultofthemorefavorablesuctionconditionsat thelead-
ingedgeoftheNACX2-004wing,duetotherelativelylargeleading-edge
radius.Above0.8Machnumber,therapidincreasetid=g-riseparameter
fortheNACA2-oo4wingisprobablya resultof compressibilityeffects
becomingmoreprominentandinfluencingthetypeofflowoverthenose.
Above0.95Machnumber,themagnitudesandvariationtiofthedrag-rise
parameterareapproximatedby thereciprocalofthelift-curveslopes,
indicatingthattheleading-edgesuctionfortheseMachnumbershad
decreasedto essentiallyzero. A largeeffectofReynoldsnumberondrag-
riseparameterhasbeenshowninreference13;-accordingly,thedrag-rise
datainthisreportshouldbeusedwithcauti6n.

—
.——

Thelift-curveslopesasa functionoftichnumberforthetwotri- _ ““l
angularwingsaresham infigure8. Thelift:curveslopeswereapproxi- .
matelyequalthroughouttheMachnumberrange}althoughthepeakvalue
occurredat a slightlyhigherMachnumberfortheNACA2-004wing.A ..- ●

comparison-oftheNAC!A2-004wingandtheNACA63Ao04wing(fig.12(a)
.—

andref.6) onthebasisofmaximumliftindicatesessentiallyno
*
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differencefortheMachnumberrangeoverwhich
Thiswasalsotruefortherectangularwingsas

maximumliftwasattained.
wasmentionedpreviously.

Thepitching-moment-curveslopesas a functionofMachnumberare
shownin figure8. Themaximumover-allchangeinpitching-moment-curve
slopeovertheMachnumberrangeofthetestsfortheNACA63Ao04wing
wasapproximatelyone-thirdgreaterthanthatfortheNACA2-oo4wing.
Thisdifferenceinpitching-moment-curveslopebecomesimportantwhen,
otherconditions
trimconditions.

bang the-same,thedragis-consideredinthelightof

TransonicAreaRule

Theconceptsof thetransonicarearulewhichhavebeenpresented
i.nreference14 are,in effect,thatnearthespeedof sound,thezero-
liftdragriseofa thinlow-aspect-ratiowing-bodycombinationispri-
marilydependenton theaxialvariationof cross-sectionalareasnormal
to theairstream.Theanalysisoftheavailabledrag-risedatamentioned
inreference14 indicatedthatvariationsinwingconfigurationwhich
resultedin lessrapidratesofdevelopmentof cross-sectionalarea,as
wellas reductionsoftherelativemagnitudeof themaximumareas,
decreasedthedrag-riseincrementsnearthespeedof sound.-Thedataof
thepresentinvestigationwillbe discussedinlightofthetransonic
arearule.

Thechordwisevariationsof cross-sectionalareasandtheminimum
pressure-dragcoefficientsforthewingsareshowninfigure9. Ofthe
threerectangularwings,theNACA2-004wingwouldbe expectedtohave
thegreatestpressure-dragriseneara Machnumberof1.0onthebasis
ofa greaterrateof cross-sectional-areaincrease.Thiswasthecase
as shownin figure9.

Itisap~arentthatthemaximumcross-sectionalareasof thetri-
angularWingsweresmallerwithrespecttothewingareathanthoseof
therectangularwingsand,as thearearulewouldindicate,thepressure-
dragriseswerealsolower.ThetriangularwingwiththeNACA2-004
profilewouldbe expectedtohavea lowerpressure-dragrisethanthe
triangularwingtiththeNACA63Ao04profilesinceithada smallermaxi-
mumcross-sectionalareaanda moresymmetricaldistribution.Theoretical
pressure-dragrisesat a Machnumberof1.0werecalculatedaccordingto
themethodsofreference15,andthesecalculationsindicatea pressure-
dragrisefortheNACA2-004wingequalto one-halfthatfortheNACA
63Ao04wing. However,thepressure-dragrisefortheNACA2-O@ wing
wasgreatest(fig.9). (Ifthepressuredragshadbeentakenas the
incrementabovethedragvaluesat 0.85or 0.9Machnumber,thepressure-
dragrisewouldhavebeenthesameforbothwings.)Itisapparent,then,
thatthedifferenceinpressure-dragrisepredictedby thearearule’was
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notrealizedexperimentally.
●

Thisdiscrepancybetweenexperimentand —
thearearulecouldrepresenta shortcomingofthearearuleandisprob-
ablyindicativeoftheimportanceoflocalor secondaryeffects.Inthis

—.—
case,itisbelieved,theflowoverthewingwasaffectedby therela-
tivelybluntleadingedgeto suchan extentthatan adverseincreasein
pressuredragoccmred. Itis interestingtol-notethatanattempthas

.

beenmadeinreference16 toestablisha limitto therangeotwi~ ‘con- “- ‘
figurationstowhichthetransonicarearuleis-applicable.Theanalysis
wasmadeon,thebasisofdatapresentedforrectangularwingsinrefer-
ences2 and6.

—

CONCLUDINGREMARK

Theresultsofthesetestsindicatenomajoreffectsofprofileon
thetransonicaerodynamiccharacteristicsofrectangularandtriangular
wingsofaspectratio3,however,forthetriqyiiarwings,thewing -

.-

havinganNACA2-004profilehada lowerdrag-riseparameterbelow0.9
Machnumber.

AmesAeronauticalLaboratory .

N&tiona.1AdvisoryCommitteeforAeronautics“
-.

Moffett,Fic!ld,Calif.,Aug.12,1954 .
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TABLEI.- COORDINATESFOR THE PROFIIES USED
~tationaand ordinatesin percent airfoil chord

NACA 2-O@ profile

Station

o
.501

2.0C8
4.541
8.IL4
12.717
18.292
2b.727
31.828
35.00
40.00
45.00
>0.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.CKI
97.00
.00.00

L.E.rad

Jpper-
mrface
miinate

0
.625

1.179
1.609
1.879
1.989
1.975
1.873
1.70’7
1.62?8
1.503
1.377
I.252
1.12-/
1.002
.877
.751
.626
.501
.376
..251
.125

0

3 = 0.39

Lower-
mrface
ord.inate

o
-.625
-1.179
-~.m
-1.879
-~.m
-1.975
-1.873
-1.707
-1.628
-1.503
-1.377
-1.252
-1.12-/
-1.002
-.877
-.751
..626
-.501
-.376
-.251
-.125
0

NACA63AoWprofile

Ration

o

:?5
1.25
2.50
5.00
7.50
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
;;.:

65:00
70.00
75.00
80.00
85.00
90.00
95.00
100.00
L.E. ra

upper-
BIWfaCe

ordinate

o
.330
.397
.503
.697
.965

1.165
1.326
1●575
1.754
1.880
1.961
1.997
1.990
1.943
1.859
1.742
1.597
1.429
1.239
1.037
.832
.626
.420
.215
.009

us = 0.1

Lower-
eurface
ordinate

o
-.330
-.397
-.503
-.697
-.963
-1.165
-1.326
-1.575
-1.754
-1.8!30
-I.961
-1.997
-1.990
-1.943
-1.839
-1.742
-1.597
-1.429
-1.239
-1.037
-.832
-.626
-.420
-.215
-.009

I

-mrcent-thickdi.rcular -

St’a-khm

0
1.25
2.50
5.00
7.50
10.00
15.00
2Q.00
Q.oo
30.00
40.cO
50.03
60.00
70.00
80.03
90.00
100.00

rc profi:
upper-
smface
ord.imte

o
.099
.197
.380
.556
.721

l.oa
1.281
1.501
1.680
1.920
2.000
1.920
1.680
1.281
.721

0

Lower-
9urface
mdlnate

0

-*W9
-.195
-.380
-.556
-.721
-1.021
-1.281
-1.501
-1.680
-1.920
-2.ofx)
-1.920
-1.680
-1.281
-.721
0

*
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Figure1.-A triangularwinghavingan aspectratioof 3 mountedon
thebump.
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/VACA 2-004

NACA 63AO04

.

Circulor arc =s5=

Figure3.-Sketchesoftheprofilesusedforthewings.

●



16

/5

10

4mFm#iE*
M for triangular wing, /./20
M for rectangular wing, /. /f5

NACARMA34E12a

M for triangular wing, 0.93
M for rectanguior wing, 0.925

M for triongulor wing, 0.60
M for rectangular wing, 0.60

— — - ML,
~.ss..-— --—rI 1

1 / ~’1/ I
/ ~

~ - /i ,~
1;1 -. 60%

v ,1
I// 1 II,.- --- --- L

,\~1

80 90 /00 //0 120
Bump station, inches =33=

Figure4.-TypicalMachnumbercontoursoverthetransonicbump
Ames16-foothigh-speedwindtunnel.

●

�

☛

&

.

9

inthe ‘

.



G

.

*

NACARMA5&H12a

.03

0

.02

fGDp)min
.0/

o

.3

0

.5 .6 .7 .8 .9 /.0 /./

.5 .6 .7 .8 .9 /.o /./

t
I I I— I I I I I

I
I I

-- ---- I

11 L-_-L-_ -L---i-’ I I I I I I I

t

—

I
—NACA 63AO04
------ IVACA 2-004
—- Circular arc

17

.5 .6 .7 .8 .9 1.0
Machnumh?r , M &

Figure5.-Summaryofthedragcharacteristicsof therectangularwings.



.08

.06

.04

.02

0

./

o
dCm
dc~

FigureI

NACARMA54H12a

.

— NACA63AO04
“------ NACA 2-004
—- Circulur arc

.5 .6 .7 .8 .9 Lo /./’

.5 .6 .7 .8 .9
Much number, M

6.- Slopesoftheliftandpitching-moment
therectangularwings.

/.0 /./

characteristicsof

—



NACARMA54H12a 19

.

.

.

.02
C*O

.0/

o

o
r

.3

(7

.5 .6 .7 .8 .9 /.0 /./

.5 .6 .7 .8 .9 /.0 /./

.

— NA CA 63A004 (ret 6)
------ AfACA 2-004

.5 .6 .7 .8 .9 /.0
Moth number, A? G

Figure7.-Summaryofthedragcharacteristicsofthetriangularwings.



20 NAMRMA54H12a

.08

.06

.02

0

0

-. /

dc~
~

-.2

e-— ~.c. - ------ ----

— iVACA63AO04 (ref6)
------ NACA2-004

.

.5 .6 .7 .8 .9 /.0 /./

.5 .6 .7 .8 .9 /.0
Much number, M +

Figure8.-Slopes,oftheliftandpitching-momentcharacteristicsof
thetriangularwings.

.

●

I

.



NACARMA54H12a 21

.02
(G’*p)~]*

.0/

o
.5 .6 .7 .8 .9 /.0 /./

Mach number, M

.05

.04

.03
SC
r

.02

.Of

o
0 .2 .4 .6 .8 LO

x/c -

Figure9.- Chordwisedistributionof cross-sectionalareas,andmini=
pressure-dragcoefficientsforthewhgs. —

.~



1.2

LO

.8

-.4

I v 1 I

f41 A’ i

1 I I

I F! I 111100.601
r

13 .70
Id 14 ‘ ~ .75

A .80

II I 11116.901

I I l+tttt-H~%lI I I I I I I I I I I I I I I I I I I I I # , 1 I

(a) CL vs. a

Figure 10.- Lift, “drag,and pitching-momentcharacteristics
circular-arcprofile.

. *
,,,,

L 1 1 1 1 I

--+s4-’

of the rectangular wing having a

I ,,



1.2

.8

0

-.2

-.4

0 .75
A .80

v .98
Yi 1.02

I I I I I i 1.06
A /.08

0 .04 .08 .12 .16 .20 .24 .28 ,32 .36 .4? Drag coefficient, & -’-+5$=
I

CD of y
~~~~;~; JI

II I I
for M of a60

II I 7’7
.70 ,75 .6’(? .8S .80 .94 .98 /.02 KM &08

(b) ~VS. CD

Flguxe 10.- Continued.



/’2

1.0

.8

‘.6%’c.?
$ .4m
2
.$.24

0

-.2

-.4
./ o 71 Z2 Pitching-moment coefficient, Cm

I
Cm Of ~

~;
~ { o

I I
~ +

I
+ + +

for M of 0.60 .70 .75 .80 .85 .9o .94 .98 L02 106 108

Figure 10.- Concluded.

I

. . .



, .

.

. .
Q

. .

f.2

Lo

.8

Q HI Ml WI

Pl

w

d ./ v .98
AA q 1,02

1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 h 1.06
A /.08

-.4
-4 0 4 8 12 16 20 24 2; Ang/; ofatt~ck, a,ldeg =@ss=

I I I I I I I
aofti ~ b

I
~ o 0 ~ff~f

I
for M of 0.6(2 .70 .75 .80 .8’5 .& .M .98 1.02 Iw6 Iw8

(a) ~ vs. a

Figure 3J.- Lift, drag, and pitching-momentcharacteristicsof the rectangularwing having an
NAC.A2-OCJ+profile.

I



I
for

1.2

/.0

.8

:.6

,$

$ .4
Q
2

.s .2
-I

o

-.2

-.4

0 .04 .08 .12 .16 .20 .54 .28 .3f’ .36 .4? Drag coefficient, Co v
I

CD of ~
~:~

~ +
I I

Ii I 77777
M of 0.60 .70 .75 .80 .85 .W .94 .98 L02 Los 1.08

(b) CL VS. ~
~

Figure U..- Continued. g

W

I

● . * . *
1 1,

I .“,



. .

/.2

/.o

,8

$,6
$
..

$ .4
e
:

.s .2
4

0

-.2

-.4

./ o -J -.2 Pitching-moment cyeffici~f, Cm
Ijjjj

Gm of ~
Jll

~
I

y y
I

+

for M Of 0,60 .70 .7; Jo .;5 .90 SW .;8 lo2 106 1.08

(c) CL w. ~

Figure 11.- Concluded.



I

rum

1.2

1.0

.8

G6
~. “
j

1

g .4
Qb

s .2
4

0

-.2

-.4
T

“.0J ! f Y ? T’ T T’ng!’o’”ra)deg
I 111111’”1 111

for M of 0.60 .70 .75 .80 .8.5 .90 .84 .98 1.02 I’iw L08

(a) CL vs. a “E!
+

Figure 12.- Lift, drag, and pitching-momentcharacteristicsof the triangularwing having an
‘3
.F

NACA 2-Cd+ profile.
E

I

. ,
,, 1 ,, J’ ., I .,

,’!,



. , ●

1.2

1.0

.8

0
m

I I(5I 1A I 1+ I IILI 1~ I I&l

ml 1A I I* I

II I I I I I I v .85 I

-.2
. .

I I I b 1.U6

-.4
A 1.08

0 .04 ,Gw ./2
I

J6 .20 .24
~~~;

.28 .32 .36 .40 .44 L@gcoefficient, Co

h ~
j

CD of y
I I

h i +

for M of 0.60 .70 .75 .:0 .8!3 Jo .94 .J9 IL J6 k&3

(b) CL VS. @

Figure 12. - Continued.



/.2

1.0

,8

0

-.2

-.4

for

I

M of 0.60 .70 .75 .8b .85 .90 .% .s% fiz

(c) CL vs. ~

~igUX@ 12. - Concluded.

,1

I



. .

1.2

1.0

.8

o

-.2

-.4
.8 -4 0 4 8 12 16 20

I
aof ~

~ ;
+ ~

~ .?j Ang$of at~ aldeg ~

I I I I
for M of 0.60 .70

1111
.75 .80 .85 .80 .94 .98 1.02 f.06 L08

(L3)CLVS. U

Figure 13.- LLft, drag, and pitching-momentcharacteristicsof the rectangularwing having an
MM 63AOCJIprofile.



.- .

w
ril

-.4

o .04 08 ,12 ./6 .20 .24 .0?8
I

.32Drag coefficient, Co
~~;~~l~ ~~~

co of f
I I I I I ‘?1 I I I

for M of 0.60 .70 .75 .80 .85 .90 .94 .98 Lop L06 /.08

(b) CL VS. @

Figure 13.- Lkmtlnued.

v

,,,
.



I . * .

1.2

Lo

.8

-.2

-.4

-H M

O 0.60

-H o .75
A .80

I

7
I 1 q .94

F .98

P # 4
T 1.02

i 4
Ps /.06
A 1.08I , , 1 1 I I I I I I I v I I

J o -.1 -.2Pitc~g-moment coeffici~t, Cm

Cm of {
I

o
JJ

+ o
I

I Ill 77
for M of 0.60 .70 .75 ,80 .85 .90 .84 .98

Figure 13.- Concluded. w
w


